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BACKGROUND OF THE INVENTION

This invention relates to adipate compositions and more particularly to such compositions as plasticiz-
ers for polyvinyl butyral resin.

w

Polyvinyl butyral (PVB) resin as sheet for use as optically transparent, impact-dissipating interlayer in
multilayered laminated safety glazings is well known. Since the glass transition temperature of unplasticizedPVB resin is too high for it to be a useful elastomer for impact dissipation in these applications it is alsoknown to reduce such temperature to a useful range by incorporating a plasticizer in such resin

In choosing a plasticizer for PVB resin for such applications, it is further known to balance the impact-
d.ssipat.ng and edge stability capabilities of a glazing interlayer by using a mixture where each component
of the mixture is better than the other in promoting one of these properties. Representative mixtures and
their opt,m,zation are disclosed in U.S. Nos. 4,243,572 and 4.371,586 where aryl adipates in a mixture
provide edge stability to the interlayer. Light stability of laminates using plasticized PVB resin however is
also required for the intended architectural and motor-vehicle window applications involving prolonged
exposure to sunlight. Optimizing shock absorbing, edge-delamination-resistant and UV stability properties in
an interlayer through choice of an appropriate plasticizer has, to the best of present knowledge, not been
accomplished in the prior art.

SUMMARY OF THE INVENTION

^ Now improvements have been made to adipate compositions which mitigate shortcomings of the prior

Accordingly, the principal object of this invention is to provide an improved adipate composition
Another object is to provide such a composition which is suitable as a plasticizer for PVB resin
A specif.c object is to provide such a composition which, when present with PVB resin as an interlayer

in a laminated glazing, promotes color stability to UV light and improved resistance to edge domination
without suffering any penalty in low temperature impact performance.

Other objects of this invention will in part be obvious and will in part appear from the following
description and claims. a

oo These and other objects are accomplished by providing a composition of matter comprising a mixture
of pure and mixed adipates made from a mixture of (a) n-hexanol and (b) cyclohexanol wherein the
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35 BRIEF DESCRIPTION OF THE DRAWINGS

In describing the overall invention, reference will be made to the accompanying drawings wherein-
Fig.

1 a ,s graph illustrating the simulated edge stability improvement provided by compositions of the
invention,

40 Fig. 2 is a phase diagram for the species of adipate ester composition of the invention- and
Fig. 3 is a plot for the species of Fig. 2 illustrating alcohol compositions which, when completely
estenfied. form the amounts shown on the y-axis of the specific ester components.

DETAILED DESCRIPTION OF THE INVENTION
45

"

The adipate plasticizer compositions of the invention are prepared by esterifying adipic acid and an
alcohol mixture of n-hexanol and cyclohexanol. The resulting product is a mixture of pure and mixed
adipates or, more particularly, a mixture of di(n-hexyl) adipate, di(cyclohexyl) adipate and hexyl. cyclohexyl

« h h^
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9 the Same a,C°h01 m°ie,y °n each end of the ™ lecu,e and a mixed adipate

so having a different alcohol moiety on each such end.
The structural formulas of pure and mixed adipates of the invention are as follows:
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U.S. Nos. 2.904.844; 2,909.810; 3,994.654; 4,575.540 and European Patent No. 0185,863. As is known this

auTocSg
18 m Sm0°m eteVa,ed ,empera 'Ure ^ PfeSSUre aSS0Cia*ed wit

'

In addition to plasticizer. interlayers described herein may contain other additives such as diesp.gments, ultrav.olet light stabilizers, antioxidants, adhesion control salts and the like
The following tests were used to obtain results listed in the Examples.

A) Compatibility
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B) Impact Resistance
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C) Volatility

of plasticizer was determined by thermal gravimetric analysis (TGA) using a Perkin Elmer TGA7 in a

nitrogen atmosphere over a 35-200 'C cycle at a 10'C/min rate. Result as Volatility Ratio is the ratio of

5 weight loss for the sample to that of the control.

D) Laminate Color

Yellowness Index - Two ply glass laminates with sample interlayer of 3.2 mm thick were prepared as

10 recited above. Yellowness Index was measured using a Hunter D54 Spectrophotometer.

The following identifies abbreviations used for various adipate species in the Examples and Figs. 2 and
3.

DHA di(n-hexyl) adipate (pure)

HCHA n-hexyl, cyclohexyl adipate (mixed)

DCHA di(cyclohexyl) adipate (pure)

The invention is further described with reference to the following Examples which are not intended to

20 limit or restrict the invention. Unless otherwise indicated, all quantities and percentages are expressed in

weight.

EXAMPLE 1 AND COMPARATIVE EXAMPLES CI, C2

25 Example 1 illustrates the improved combination of impact and edge stability performance of glass

laminates made using interlayer formed from plasticizer mixtures according to the invention in comparison
with Comparative Example Cl where the plasticizer was pure di(n-hexyl) adipate. Such latter control

interlayer is considered an adipate standard for comparison purposes and is further described in U.S. No.

3,854,865, Examples 6-24. Comparative Example C2 illustrates that pure adipates formed using cyclohex-

30 anol alone are unsuitable.

Preparation of Adipate Mixtures

1) N-hexyl, cyclohexyl adipate (HCHA) The following was charged to a jacketed reactor equipped with an
35 agitator and a reflux condenser having an oil-water separator on the downstream process side.

Component Amount (Kg)

Adipic Acid 66.3

N-hexanol 60.3

Cyclohexanol 59.7

Toluene 36.0

Methane Sulfonic Acid 0.23

The agitator was started and the reactor contents heated at atmospheric pressure to about 110'C to

initiate reflux. Heating continued until the reaction mixture reached about 125"C and for about four hours
thereafter while removing water through the separator. Reactor pressure during this time was reduced to

maintain this temperature. The esterification reaction was considered complete when water no longer issued
from the separator.

To neutralize catalyst and unreacted adipic acid, 10% aqueous caustic was added in amount adequate
to maintain a pH of 8 in the aqueous phase which was then decanted to remove sodium salts of the acids.

The reactor contents was then washed twice with water with agitation. After phase separation the water
phase was decanted and discarded. The pressure was reduced to 28 in (71.1 cm) mercury vacuum while

heating to maintain 125' C to remove toluene and unreacted alcohols and then sparged for about 30 min
with steam at 3.15 kg/cm2 absolute. The reaction mixture was then cooled and analyzed using gas
chromatography as:

25% di (n-hexyl) adipate

25% di(cyclohexyl) adipate

5
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50% n-hexyl, cyclohexyl adipate

Preparation and Testing of Interlayer

PVB resin for admixture with the foregoing adipate plasticizer mixture had less than 3% residual acetate

groups and a PVOH content of 18.2 percent. Interlayer performance results obtained are in Table 1

following. Exudation Test results at various loadings of the plasticizers of Examples 1 and C1 are depicted

in the drawing.
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Plasticizer

?HS

Volatility Ratio {VR)

Exudation Ratio
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(at -17.1'C and 0.5* H30)
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(ESX)@ 26 KDths
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-17.8'C 0.63

15.6'C 1.06
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1.00

1.00
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0.13

7.9
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With respect to MPV Ratio for Example C2, to indirectly characterize the projected low temperature

impact performance, the beta transition area from a dynamic mechanical test was considered. This area has

been correlated with low temperature impact performance of plastics - see J. Heijboer, Journal of polymer

Science; Part C; 16,3755 (1968). This beta transition area is predicted to be very small compared to that for

control Example CI. This shows that though edge stability performance using the saturated ring adipate

composition above is excellent, without the alkyl moiety in the adipate the important impact performance

property is not achieved.

The above results of Ex. 1 vis-a-vis the DHA of control C1 illustrate: 1) significantly improved edge
stability as reflected in the greatly reduced Exudation Ratios and ESN of (Ex. 1) and ii) somewhat inferior

low temperature impact (pummel adhesion and MPV Ratio at -17.8'C) iii) somewhat lower VR. Low VR is

desirable to minimize plasticizer loss from the interlayer, particularly with air autoclave laminating systems

where elevated temperature and negative vacuum pressure conditions occur. Increasing the n-hexyl content

in the composition (note the preferred alcohol range of 65/35 n-hexanol/cyclohexanol) will improve the low

temperature -1 7.8 " C MPV ratio.

EXAMPLE 2

This Example illustrates the effect of the concentration of components of an adipate ester composition

of the type prepared in Example 1 (i.e. from n-hexanol and cyclohexanol) on the tendency to develop haze

55 in PVB sheet containing such an ester mixture at temperatures usually encountered during sheet handling

and storage before use in a glass laminate. More particularly, the effect of the concentration of DCHA (di-

(cyclohexyl)adipate) in the mixture on such haze development is examined.

Fig. 2 is a solid-liquid phase diagram for DHA (di-n-hexyl adipate) and DCHA components of adipate

6
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ester compositions prepared from mixtures of n-hexanol and cyclohexanol. In such figure, "S" and "L" are

abbreviations for solid and liquid; %DHA (not directly shown) is 100 minus %DCHA.
Fig. 3 shows the weight fraction of an ester composition by ester species which will form after

esterification with adipic acid versus the weight fraction of n-hexanol (weight fraction of cyclohexanol = 1

5 minus weight fraction n-hexanol) reacted to form such composition. This Figure is based on actual data and
calculations - i.e. runs were made and esters analyzed at 0.25, 0.5 and 0.75 weight fraction n-hexanol

reacted; points intermediate this data were calculated.

Referring to Fig. 3, completely esterifying a 30/70 n-hexanol/cyclohexanol (NHA/CHA) mixture produces

an ester composition of about 42% DCHA, 12% DHA and 45% HCHA (n-hexyl, cyclohexyl adipate). From
;o Fig. 2, at 42% DCHA (58% DHA by difference) solidification commences at about 20 'C (68* F). This

means a PVB sheet containing as plasticizer an effective amount of a composition containing 42% DCHA at

temperatures less than about 20 * C will undesirably appear milky or white from solidification of components
of the adipate ester composition. Except where ambient temperature always exceeds about 20 'C, this

condition is considered unacceptable, since PVB sheet containing such a mixture could typically be
;5 exposed to 20 'C during handling, for example, in northern regions of the U.S.A. On the other hand, an

80/20 NHA/CHA mixture (Fig. 3) will yield a composition of 3% DCHA, 70% DHA and 27% HCHA. From
Fig. 2, at 3% DCHA solidification occurs at about minus 10' C so that above this temperature such
composition is liquid and when admixed into PVB sheet will not present an appearance problem since

minus 10' C should not be encountered during sheet handling. However, due to the dearth of cyclohexyl

20 groups, such low level of DCHA would not be expected to provide optimum improved edge stability in PVB
sheet containing such a plasticizer composition.

According to this Example, at 50/50 NHA/CHA, about 20% DCHA is formed on esterification (Fig. 3).

From Fig. 2, solidification of a composition containing such a level of DCHA commences at about minus
5'C which is considered acceptable since sheet handling temperatures should seldom, if ever, get so low.

25 At 70/30 NHA/CHA, 8% DCHA will be formed for which composition solidification commences at about

minus 11 ' C. Between minus 11 'C and minus 35' C a mixture of solid and liquid exists in thermodynamic
equilibrium (the zone marked "S & L" in Fig. 2). Such a 70/30 NHA/CHA mixture and the adipate ester

composition formed therefrom when used as a plasticizer in PVB sheet is considered to provide an

acceptable balance of sheet performance properties without generating haziness in sheet during handling.

30 From the foregoing, a preferred composition is 60-70 parts n-hexanol, 40-30 parts cyclohexanol with

65/35 NHA/CHA being most preferred.

Using the apparatus described in Example 1, an esterification procedure similar to Example 1 was
repeated. The charge to the reactor was:

Component Amount (Kg)

Adipic Acid 102.6

N-hexanol 99.9

Cyclohexanol 59.9

Stannous Oxide 0.09

The agitator was started and the contents heated at atmospheric pressure to about 140'C to initiate

.reflux. Heating continued until the reaction mixture reached about 205' C and for about three hours

thereafter while removing water through the separator. Reactor pressure once reaching 205 *C was reduced
to maintain reflux at 205 'C. The esterification reaction was considered complete when water no longer

issued from the separator.

To neutralize any unreacted adipic acid. 10% aqueous caustic was added at 95 'C in amount adequate
to maintain a PH of 8 in the aqueous phase which was then decanted to remove sodium salts of the acids.

The reactor contents was then washed twice with water with agitation. After phase separation the water was
removed and the oil phase was reduced to 28 in (71.1 cm) mercury vacuum while heating to maintain

150'C to remove unreacted alcohols and then sparged for about 30 min with steam at 3.15 kg/cm2

absolute. The reaction mixture was cooled and analyzed using gas chromatography as:

42.9% di(n-hexyl) adipate

12.1% di(cyclohexyl) adipate

45.0% n-hexyl, cyclohexyl adipate.

From the above adipate analysis, the reacted NHA'CHA weight ratio was 65.7/34.3.

Though the compositions of the invention are preferably used to plasticize PVB resin, they may
alternatively be similarly usable to plasticize natural rubber, styrene-butadiene rubber and the following

7
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polymers: polyvinyl chloride, cellulose nitrate, cellulose acetate and cellulose acetate-butyrate.

The preceding description is for illustration only and is not to be taken in a limited sense. Various

modifications and alterations will be readily suggested to persons skilled in the art. It is intended, therefore,

that the foregoing be considered as exemplary only and that the scope of the invention be ascertained from

the scope of the following claims.

Claims

1. A composition of matter comprising a mixture of pure and mixed adipates made from: (a) n-hexanol;

and (b) cyclohexanol; wherein the proportions of (a) and (b) in parts by weight per 100 parts of (a) and

(b) are:

(a) 50-70

(b) 50-30.

2. The composition of claim 1 wherein said proportions are:

(a) 60-70

(b) 40-30.

3. The composition of claim 1 or 2 wherein the proportion is:

(a) 65

(b) 35.

8
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EXUDATION vs PHR
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